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ABSTRACT 
Severa l  d i e l e c t r i c s  have been eva lua ted  f o r  use  i n  micrometeoroid 
sensor  capac i to r s .  Dielectrics eva lua ted  included Parylene N and C y  Poly- 
su l fone ,  Lexan, Estane,  T y r i l ,  Acryloid,  Penton and aluminum oxide i n  
var ious  composite arrangements. The c a p a c i t o r  s enso r s  f a b r i c a t e d  were sub- 
j e c t e d  t o  e lec t r ica l  t e s t i n g ,  which included t h e  measurement of d i e l e c t r i c  
p r o p e r t i e s ,  e l e c t r o d e  r e s i s t a n c e ,  D.C. leakage c u r r e n t  and t h e  e f f e c t  of 
p o l a r i t y  reversal, s h e l f - l i f e  tests, environmental  tests, mechanical tests, 
and p a r t i c l e  impact tests. 
The most s a t i s f a c t o r y  micrometeoroid senso r s  w e r e  made from f i lms  
of Parylene.  Parylene performed w e l l  i n  a l l  t h e  tests. Other materials 
d id  no t  g ive  r e l i a b l e  senso r s  as f r equen t ly ,  a l though Lexan and Polysulfone 
composites wi th  Estane performed s a t i s f a c t o r i l y  i n  a l l  tests b u t  t h e  environ- 
mental  tests and t h e  impact tests. Only one polymer d i e l e c t r i c ,  Acryloid,  
w a s  found t o  be completely unusable. 
It w a s  concluded t h a t  t he  h ighe r  r e l i a b i l i t y  of Parylene was due 
t o  t h e  g r e a t e r  p r e c i s i o n  of c o n t r o l  i n  the  Parylene f i l m  process  over  t h a t  
i n  the  f i l m  c a s t i n g  process  used f o r  t h e  o t h e r  materials. Thus t h e  test 
r e s u l t s  i n  the  r e p o r t  do n o t  r e f l e c t  on the  material p r o p e r t i e s  of t h e  di-  
e lectr ics  t e s t e d ,  b u t  only t h e  p re sen t  f e a s i b i l i t y  of making s e n s i t i v e  u n i t s  
using f a b r i c a t i o n  processes  a t  hand. 
i 
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I. INTRODUCTION 
This  p r o j e c t  w a s  undertaken t o  eva lua te  materials f o r  f a b r i c a t i n g  
capac i to r s  wi th  l a r g e  areas and t h i n  d i e l e c t r i c s  f o r  use i n  senso r s  t o  measure 
meteoroid v e l o c i t y ,  speed and d i r e c t i o n .  Since t h e  p a r t i c l e  must p e n e t r a t e  
a t  l eas t  one d i e l e c t r i c  without  a l t e r i n g  i t s  t r a j e c t o r y ,  t he  c a p a c i t o r  wi th  
i t s  e l e c t r o d e s  must be  t h i n  and l i g h t  (200 micrograms p e r  cm > ,and  i t s  t o t a l  
th ickness  cannot exceed 1 micron. The u n i t s  must be  s t a b l e  t o  t h e  mechanical 
2 
per tu rba t ions  experienced i n  l i f t o f f s  of space v e h i c l e s  and t o  degrada t ion  
from s o l a r  i r r a d i a t i o n ,  high vacuum and e l e c t r i c  f i e l d s  of 10,000 v o l t s  pe r  cm. 
11. FABRICATION OF MICROMETEOROID SENSORS 
1 . Preparation o f  Dielectric Fi 1 ms 
The ma jo r i ty  of  t h e  d i e l e c t r i c s  were prepared by c a s t i n g  fi lm- 
forming polymers, d i s so lved  i n  s o l v e n t s  non-miscible wi th  water, upon a q u i e t  
water su r face .  Af t e r  t h e  f i lms  spread  and s o l i d i f i e d ,  they could be l i f t e d  
o f f  t h e  water. Even polymers which do no t  make f l e x i b l e  t h i c k  f i lms  can be 
t r e a t e d  i n  t h i s  way. Parylene N and C f i lms  were obta ined  from Union Carbide 
Corporation, Chemicals and P l a s t i c s  Div is ion ,  Bound Brook, New Je r sey .  The 
materials s e l e c t e d  f o r  s tudy ,  w i th  t h e i r  symbols used i n  t h i s  r e p o r t ,  are 
shown i n  Table I. The concent ra t ions  of t h e  c a s t i n g  s o l u t i o n s  f o r  t h e  
polymer d i e l e c t r i c s  are a l s o  shown i n  Table I. 
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Table I 
D I E L E C T R I C  MATERIALS AND CASTING SOLUTIONS 
P o l y s u l f o n e  (Union Carbide Resin P-47) 
Parylene N 
Parylene C 
A1 umi num Oxide 
Lexan, General E l e c t r i c  Co. 
po lycarbonate  r e s i n  
T y r i l - 7 6 7 ,  Dow-Chemical Co. s t y rene-  
a c r y l o n i t r i l e  copolymer 
Estane, B.F. Goodrich po lyure thane 
elastomer 5740x071 
A c r y l o i d ,  Rohm and Hass a c r y l i c  e s t e r  
r e s i n  B7Z (A) 
Penton, Hercules Powder Co. c h l o r i n a t e d  
pol  ye the r  elastomer (Pn) 
A c r y l o i d  was r e j e c t e d  v e r y  e a r l y  o n  t h e  b a s i s  of i t s  poor  f i l m  s t r e n g t h .  
The b e s t  c a s t i n g  s o l u t i o n s  were prepared as f o l l o w s :  
Po 1 yme r Weight So 1 vent  
Lexa n 5 s  50 m l  cyclohexanone 
Estane 10 9 100 m l  t e t r a h y d r o f u r a n  
T y r  i 1-767 5 s  50 ml cyclohexanone 
Pol ysu l  fone 5 9  50 m l  cyclohexanone 
Penton 6 9  50 m l  cyclohexanone 
- 2 -  
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Most of t h e  f i l m  s t r u c t u r e s  evaluated were composites of Estane 
and o t h e r  polymers f a b r i c a t e d  on a suppor t ing  frame which w a s  designed t o  
u t i l i z e  t h e  e l a s tomer i c  p r o p e r t i e s  of Estane.  F i l t e r e d  s o l u t i o n s  were cast 
on water s u r f a c e s  i n  a laminar  flow work s t a t i o n  and l i f t e d  o f f  onto t h e  
Luci te  frame shown i n  Figure 1. Polymer s o l u t i o n s  w e r e  f i l t e r e d  through an  
u l t r a f i n e  s i n t e r e d  g l a s s  funnel  (pore s i z e  0.9 t o  1 .4  microns).  
flow work s t a t i o n  w a s  equipped wi th  a 0 .3  micron a i r  f i l t e r .  Films from 
res inous  polymers were l i f t e d  onto t h e  f l a t  s i d e  of  t h e  frame which w a s  
then aga in  submerged under t h e  water s u r f a c e  t o  l i f t  o f f  an Estane f i l m  
onto t h e  beveled s i d e .  Only an  elastomer w i l l  s t r e t c h  i n t o  t h e  beve l  t o  
con tac t  t h e  f i l m  on t h e  o t h e r  s i d e .  I n  genera l  i t  w a s  found t h a t  s i n g l e  
f i lms  have p inholes  and d i d  no t  make c a p a c i t o r s  w i th  high leakage r e s i s t a n c e .  
The laminar  
Parylene f i l m s  were me ta l l i zed  wi th  gold e l ec t rodes  a t  t h e  Union 
Carbide f a c i l i t y  and mounted onto t h e  frame shown i n  Figure 1. They w e r e  
then shipped t o  The Frankl in  I n s t i t u t e  f o r  test  eva lua t ion .  Parylene 
f i lms  w e r e  bonded onto t h e  f l a t  s i d e  of t h e  frame, wi th  one me ta l l i zed  
su r face  a t  the  i n t e r f a c e  between t h e  s u r f a c e  of t h e  Luc i t e  frame and t h e  
Parylene f i lm.  
A 1  0 f i lms  were obta ined  by anodizing commercial Reynolds Wrap 2 3  
shee t  aluminum (1.5 m i l  t h i ckness )  on both s i d e s  us ing  a 0.4% by weight 
aqueous s o l u t i o n  of  a 1:l by weight c i t r i c  ac id :  
mixture.  The anodized shee t  of aluminum, approximately 1-1/2" x 1-1/2" 
i n  area, w a s  bonded on t o  t h e  f l a t  s u r f a c e  of t h e  Luc i t e  frame w i t h  
GE RTV-103 s i l i c o n e  cement, covering t h e  open area, 1-1/4" x 1-1/4" i n  
t h e  frame. The top  l a y e r  of A 1  0 w a s  removed wi th  a 42% NaOH s o l u t i o n  
and t h e  aluminum s u b s t r a t e  w a s  removed wi th  a 1 :3  H C 1  water s o l u t i o n .  The 
remaining A 1  0 f i lm-Luci te  frame composite w a s  washed i n  d i s t i l l e d  water 
and could be  composited wi th  cast polymer f i lms  i n  t h e  usua l  way o r  used 
alone.  
w a s  ob ta ined  which could not  be used i n  t h e  f a b r i c a t i o n  of c a p a c i t o r  
d i e l e c t r i c  f i lms .  
ammonium c i t ra te  dry 
2 3  
2 3  
When a h ighe r  p u r i t y  aluminum shee t  w a s  used an uneven oxide coa t ing  











Fig. 1 Sample Holder - Ultrathin Polymer Film Meteoroid Sensor 
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2. Electrodes 
The beve l  makes i t  easy t o  apply an e l e c t r o d e  t o  t h e  Estane s i d e .  
A continuous s u r f a c e  is  needed t o  provide a continuous t h i n  f i l m  e l e c t r o d e  
l ead ing  from t h e  unsupported p a r t  of t h e  f i l m  t o  t h e  p a r t  of t h e  f i l m  sup- 
por ted  by t h e  frame. When t h e  frame bea r s  only one f i lm ,  t h e r e  i s  a crack 
between t h e  i n s i d e  of t h e  cu tout  i n  t h e  frame and t h e  f i lm.  This  c rack  
r e s u l t s  i n  an open c i r c u i t  when one a t tempts  t o  make contac t  from t h e  m e t a l  
depos i ted  onto t h e  frame s u r f a c e ,  even though i t  seems t o  l ead  onto t h e  
f i l m  su r face .  Using Estane t o  bear  t h e  e l e c t r o d e  on t h e  back s i d e  obv ia t e s  
t h i s  d i f f i c u l t y ,  s i n c e  t h e r e  i s  then  no crack.  Elec t rode  1 r e f e r s  t o  e lec-  
t rodes  on the  beve l l ed  su r face .  E lec t rode  2 refers t o  e l e c t r o d e s  on t h e  
f l a t  su r f ace .  Contact t o  t h e  me ta l l i zed  areas o r  t h e  Luci te  frame w a s  made 
by bonding f i n e  copper w i r e  w i th  conduct ive s i lver  p a i n t .  
I n  t h e  l a t te r  s t a g e s  of t h e  program another  method w a s  used t o  
e l imina te  Estane from t h e  s t r u c t u r e  and a l s o  t h e  p o s s i b i l i t y  of a few 
p inholes  forming dur ing  t h e  m e t a l l i z a t i o n  s t e p .  A f i l m  was picked up on a 
l a r g e  Luc i t e  frame and me ta l l i zed  on one s i d e .  It w a s  then f l o a t e d  o f f  t h i s  
frame onto  a water s u r f a c e ,  me ta l l i zed  s i d e  down, and picked up aga in  on t h e  
f l a t  s i d e  of a smaller frame which had a me ta l l i zed  sur face .  The r e s u l t  w a s  
a me ta l l i zed  f i l m  i n  in t ima te  con tac t  wi th  a metal l a y e r  on a Luc i t e  frame. 
Succeeding f i lms  were then  picked up over  t h i s  one. The las t  f i l m  can be 
me ta l l i zed  i n  s i t u  o r  be fo re  be ing  set i n  p l ace  on t h e  frame. Fabr i ca t ion  
of capac i to r s  from previous ly  me ta l l i zed  f i lms  w a s  genera l ly  considered t o  
be t h e  p r e f e r r e d  method. 
Metal e l e c t r o d e s  w e r e  app l i ed  t o  t h e  f i lms  by vapor depos i t i on .  
Two metals were t r i e d :  
temperature  f o r  vapor i za t ion  and silver, which vapor izes  a t  a lower temperature  
and forms b e t t e r  f i lms .  The d u r a b i l i t y  of t h e s e  e l e c t r o d e s  are compared i n  
Table 11, which r e p o r t s  t h e  su r face  r e s i s t i v i t y  a t  t h e  beginning and a t  the  
end of a t h r e e  month s h e l f - l i f e  tes t .  Gold e l e c t r o d e s  do appear t o  be  more 
a very s t a b l e  gold e l e c t r o d e  which r equ i r e s  a h igh  
- 5 -  
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s t a b l e  than  t h e  s i lver .  The r e s i s t a n c e  of t h e  lat ter,  however, was cons tan t  
enough t o  make i t  ques t ionable  whether i t  would be  worth the  g r e a t e r  d i f f i -  
c u l t y  of applying t h e  more r e f r a c t o r y  gold e l ec t rodes .  Ce r t a in ly  t h e  per- 
formance i n  t h e  environmental  tests,  i n  which samples were i r r a d i a t e d  wi th  
u l t r a v i o l e t  l i g h t  and cycled between room temperature  and - 4 O O C  was n o t  
dependent upon e l e c t r o d e  material (Table I V ) .  
a l l  subsequent samples bore  s i lver  e l e c t r o d e s .  Many of t h e  samples had, 
however, been f a b r i c a t e d  and t e s t e d  a t  t h i s  p o i n t .  Thus t e s t i n g  d a t a  i n  
t h e  r e p o r t  i s  equa l ly  d i s t r i b u t e d  between samples wi th  gold and silver 
e l ec t rodes .  
On t h e  b a s i s  of t h i s  experience 
Table I 1  
ELECTRODE RESISTANCE AFTER AGING 
(Resis tance i n  ohms) 
Go1 d 
1 - Electrode 
Samp 1 e 
0 mo. 6 ohms 





















S i l v e r  
0 mo. 50 
3 mo. 60 
0 10 
3 30 



















111. MICROMETEOROID SENSOR TESTS 
I n  o rde r  t o  eva lua te  t h e  micrometeoroid senso r s  a series of 
tests w e r e  app l i ed .  
measurement, environmental  t e s t i n g ,  mechanical t e s t i n g  and measuring 
t h e  e f f e c t  of impacting s imulated micrometeoroid p a r t i c l e s .  
i ng  procedure is d e t a i l e d  i n  t h e  Appendix. 
The tests included electrical  c h a r a c t e r i s t i c  
The test- 
1. Bench, Leakage, P o l a r i t y  and S h e l f - L i f e  Tests 
Afte r  pass ing  bench tests, samples were t e s t e d  f o r  leakage 
when b ia sed  a t  6 ,  12  and 18 v o l t s .  dc f o r  24 hours .  Two series of 
samples w e r e  submitted t o  these  tests, one a t  normal room temperature ,  
p re s su re  and humidity and another  i n  a vacuum (10 - t o r r ) .  P o l a r i t y  
tests w e r e  then app l i ed .  S h e l f - l i f e  tests were c a r r i e d  out  f o r  s e l e c t e d  
samples .  Typical  r e s u l t s  are repor ted  i n  Table 111. A l l  samples t e s t e d  
i n  vacuum performed s a t i s f a c t o r i l y  except  aluminum oxide,  while  only t h e  
Parylene samples gave acceptab le  performance i n  room air .  An occas iona l  
Lexan o r  polysulfone f i l m  w a s  a l s o  s a t i s f a c t o r y  i n  a i r  (Samples 26, 28, 
25 and 3 3 ) .  It is  seen  a l s o  from Table I11 t h a t  n e i t h e r  t h e  capac i tance  
nor  t h e  d i e l e c t r i c  l o s s  changed dur ing  t h e  aging. The d i e l e c t r i c  pro- 
p e r t i e s  a t  the  beginning and t h e  end of  t h e  s h e l f - l i f e  t e s t i n g  pe r iod ,  
3 months, are given i n  t h e  t a b l e .  N o  s i g n i f i c a n t  changes from t h e s e  
va lues  occurred a t  in te rmedia te  t i m e s  i n  t h e  t e s t i n g  per iod .  Samples, 4 ,  
5, and 28, which were aged under 12  v o l t s  b i a s ,  a l s o  remained unchanged. 
-3 
Dielectrics from Parylene,  Lexan and polysul fone  and t h e i r  
var ious  combinations wi th  Estane performed s u c c e s s f u l l y  i n  t h e  materials 
screening  tests and w e r e  s o  submit ted t o  environmental  t e s t i n g .  
- 7 -  
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Table I 1 1  

























Maximum c u r r e n t  observed 
d u r i n g  leakage and D i s s i p a t i o n  
Fac tor  
Capacitance 
9 p o l a r i t y  t e s t s  (amp) (Farad x 10 ) 
A i  r Vacuum 0 Month 3 Month 0 Month 3 Month 
1.0 1 0 - l 3  15 15 0.004 0.004 
6 x l o m 7  15 15 0.004 0.004 
1.3 x 10 
1.9 1 0 - l 3  23 23;t 0.03 0.03’k 
1 x 
1 x 10 
- 1  1 
1.6 x 17 1 7;k 0.008 0.009,t 
-6 
2 10-9 
5 x 10 - l2  
-6 3 .4  x 10 
5 x 
1 10-5 
-6  8 x 10 
1 x l o - ’  
1 .4  x 10 - l2  
1 x 
33 34 0.08 0.07 
26 2 7;k 0.10 0. og,+ 




8.5 x 26 24 0.19 0.18 
1.8 1 0 - l 3  45 47 0.08 0.10 
1.8 10-3 
1 . 1  10-5 
;\Aged under 12 v b i a s .  
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2 e Environmental Tes ts  
The environmental  t e s t i n g  cons i s t ed  of eva lua t ing  t h e  e f f e c t  
of s imula ted  s o l a r  i r r a d i a n c e  ( l i g h t  from a Xenon source having i n t e n s i t y  
2 0.14 watts/cm ) and temperature  change on t h e  leakage cu r ren t  a t  1 2  v o l t s .  
Resul t s  of such tests are shown i n  Table I V  f o r  5 samples. I n  
amp through t h e  cool ing  -7 gene ra l ,  t h e  leakage c u r r e n t  remained below 10 
sequence. On i r r a d i a t i n g ,  however, l a r g e  inc reases  i n  leakage cu r ren t  
occurred,  ranging from a f a c t o r  of 10  t o  a f a c t o r  of 10 . I n  t h e  case of 
t h e  Lexan-Estane samples,  t h e  c u r r e n t  level increased  even f u r t h e r  dur ing  
t h e  i r r a d i a t i o n  and then  remained a t  t h i s  level a f t e r  t h e  i r r a d i a t i o n  w a s  
removed. I n  t h e  case of t h e  two Pary lene  samples, t h e  cu r ren t  level d i d  
-7 no t  i n c r e a s e  s i g n i f i c a n t l y  above 10 
t h e  c u r r e n t  l e v e l  d id  no t  i n c r e a s e  s i g n i f i c a n t l y  above amps under 
i r r a d i a t i o n .  I n  one case the  cu r ren t  level  decreased t o  t h e  dark  cu r ren t  
level on removing t h e  i r r a d i a t i o n ,  sugges t ing  t h a t  t h e  e f f e c t  of r a d i a t i o n  
w a s  t o  produce a r e v e r s i b l e  photocurren t .  I n  o rde r  t o  test whether t h e  
increased  i r rad ia t ion- induced  cu r ren t  w a s  due t o  photoemission of e l e c t r o n s  
from the  m e t a l  e lec t rode . .  an i r r a d i a t i o n  sequence w a s  c a r r i e d  ou t  i n  a 
n i t rogen  atmosphere on (P+E) sample No. 32.  A permanent conduct iv i ty  inc rease  
w a s  produced i n  t h i s  case a l s o ,  i n d i c a t i n g  t h a t  t h e  e f f e c t  i s  probably due 
t o  photodegradation of t h e  polymer f i lm .  The capac i tance  and d i s s i p a t s o n  
f a c t o r s  w e r e  found t o  have changed markedly f o r  t h i s  sample. The capaci-  
t ance  w a s  reduced t o  2 p icofarads  and t h e  d i s s i p a t i o n  f a c t o r  became 
unmeasurable; it may have opened up on handl ing.  
5 
amps under i r r a d i a t i o n .  I n  one case 
Minor changes i n  t h e  capac i tance  and d i s s i p a t i o n  f a c t o r s  were 
found f o r  Parylene samples 1 and 2 ,  as a r e s u l t  of t h e  the rma l - i r r ad ia t ion  
t reatment .  Samples 18, 1 7 ,  and 30 a l l  showed i n c r e a s e  i n  d i s s i p a t i o n  f a c t o r .  
Sample 1 7  showed a marked decrease  i n  capaci tance.  
- 9 -  
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I n  conclusion,  polymer f i l m s  of Lexan o r  po lysul fone  i n  combina- 
t i o n  wi th  Estane do no t  appear t o  wi ths tand  t h e  e f f e c t s  of s imulated s o l a r  
i r r a d i a t i o n  as w e l l  as Pary lene  f i lms ,  permanent i n c r e a s e s  i n  leakage 
cu r ren t  magnitude being gene ra l ly  obta ined .  
l a r g e  p a r t  t o  opac i ty  of t h e  heav ie r  gold e l e c t r o d e s  t h a t  were on t h e  
Parylene samples, b u t  even sample 1 (PN) showed some photoconduct ivi ty  
e f f e c t ,  which w a s  r e v e r s i b l e .  
This  e f f e c t  may be due i n  
A few experiments have been done us ing  t h i c k e r  metal e l e c t r o d e s  
on t h e  cast  f i lms .  I n  genera l  t h i c k e r  e l e c t r o d e s  are poorly matched t o  t h e  
mechanical p r o p e r t i e s  of t h e  f i lm ,  which tears and d i sp lays  g r e a t e r  
f r a g i l i t y  i n  handl ing than  wi th  t h i n n e r  e l ec t rodes .  
3 .  Mechanical Tests  
The mechanical tests involved a c c e l e r a t i o n  and v i b r a t i o n .  
i. Accelera t ion  Tests 
I n  t h i s  mechanical t e s t i n g  procedure,  meteoroid sensors  were 
subjec ted  t o  a t  least 7 g ' s  normal t o  t h e  capac i to r  s u r f a c e  and a t  least 
4 g ' s  la teral  t o  t h e  capac i to r  su r face .  
used, 7 g ' s  corresponded t o  261 rpm and 4 g ' s  t o  150 rpm. I n  i n i t i a l  
tests samples w e r e  used which had been only subjec ted  t o  bench tests. 
This procedure w a s  adopted i n  o r d e r  t o  t es t  whether gross  mechanical 
damage occurred before  proceeding t o  test samples which have passed leakage,  
p o l a r i t y ,  s h e l f - l i f e  and impact tests. 
I n  t h e  c e n t r i f u g e  arrangement 
The e f f e c t  o f  a c c e l e r a t i o n  t e s t i n g  a t  7 g ' s  normal t o  t h e  capac i to r  
su r f ace  i s  summarized i n  Table V f o r  several samples. 
la teral  t o  t h e  c a p a c i t o r  s u r f a c e  i s  summarized i n  Table V I .  Table V I 1  
The e f f e c t  of 4 g ' s  
summarizes t es t  d a t a  on samples sub jec t ed  t o  7 g ' s  normal t o  c a p a c i t o r  
su r f ace  wi th  1 2  v o l t s  dc b i a s  appl ied  dur ing  t h e  a c c e l e r a t i o n .  Table V I 1 1  
summarizes d a t a  on samples which had passed leakage,  p o l a r i t y ,  s h e l f - l i f e  
and impact tests. 
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I n  genera l  t h e  samples without  b i a s  survived t h e  a c c e l e r a t i o n  
t e s t i n g  wi thout  any major e f f e c t s .  Bench test  d a t a  were s u b s t a n t i a l l y  
unchanged f o r  t he  samples l i s t e d  i n  Table V. I n  one case con tac t  t o  t h e  
sample w a s  broken as a r e s u l t  o f  t h e  a c c e l e r a t i o n  treatment. S i m i l a r l y ,  
samples sub jec t ed  t o  4 g ' s  la teral  t o  t h e  f i l m  s u r f a c e  appeared t o  be 
l i t t l e  a f f e c t e d  by t h e  t rea tment .  I n  one case  a mechanical tear appeared 
i n  t h e  f i lm.  A Parylene sample which had developed a s h o r t  c i r c u i t  w a s  
a l s o  sub jec t ed  t o  7 g ' s  wi thout  b i a s  (sample 62) .  
taken f o r  t h e  sample i n  view of  t h e  low bulk r e s i s t a n c e .  No d i s c e r n i b l e  
mechanical damage w a s  found, however, a f t e r  t h e  a c c e l e r a t i o n  t e s t i n g .  
No bench test  d a t a  were 
I n  the  case of samples wi th  1 2  v o l t  b i a s  two samples out  of four  
developed f laws as a r e s u l t  of normal a c c e l e r a t i o n s .  The samples t e s t e d  
-7 had leakage cu r ren t  g r e a t e r  than  10  amp a t  1 2  v o l t s  i n  a l l  cases ,  however. 
None of t h e  f i lms  were a f f e c t e d  by la teral  a c c e l e r a t i o n s .  
ii. Vibra t ion  Tests 
Samples on t h e i r  mounting frames were a t t ached  t o  a v i b r a t i o n  
t a b l e  and shaken i n  d i r e c t i o n s  p a r a l l e l  t o  and then  normal t o  t h e  f i l m  p lane .  
The r e s u l t s  are l i s t e d  i n  Table I X .  I t  i s  seen  t h a t  wi th  t h e  except ion  of 
one case  t h e  d i e l e c t r i c  p r o p e r t i e s  of t h e  samples were v i r t u a l l y  unchanged. 
Sample No. 34 w a s  damaged a f t e r  l a t e r a l  v i b r a t i o n ,  l eav ing  an open c i r c u i t  
on t h e  a n g l e  s i d e  of t h e  f i l m  (Estane s i d e ) .  The break w a s  no t  v i s i b l e  t o  
t h e  eye and probably occurred a t  t h e  angle  i t s e l f .  
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4. Simulated Micrometeoroid Impact Tests 
I n  ope ra t ion  t h e  c a p a c i t o r s  are pene t r a t ed  by a p a r t i c l e  t r a v e l i n g  
a t  high v e l o c i t y ,  causing a temporary s h o r t  c i r c u i t .  
Actual ly  t h e  lowering of t h e  r e s i s t a n c e  a f t e r  impact does n o t  amount 
8 t o  a complete s h o r t ;  r e s i s t a n c e s  of t h e  o rde r  of 10 ohms are t y p i c a l .  
To test  t h e  performance of t h e  u n i t s  under these  condi t ions  two series of 
tests w e r e  run i n  a converted Van de Graff a c c e l e r a t o r  a t  NASA/MSC. 
t h i s  u n i t  s m a l l  i r o n  p a r t i c l e s  of mass about 10-l' grams and v e l o c i t i e s  of 
5-10 km/sec are s e l e c t e d  t o  bombard t h e  p a r t i c l e s .  
s e l e c t  t h e  p a r t i c l e s  s i n g l y  i n  t h i s  f a c i l i t y ,  measure t h e i r  v e l o c i t y ,  mass 
and charge f o r  each impact,  us ing  i n - l i n e  d e t e c t o r s  mounted i n  t h e  accelera- 
t i o n  tube.  The second series of  tests w a s  s l i g h t l y  d i f f e r e n t  from t h e  
f i r s t  i n  t h a t  masses of t h e  p a r t i c l e s  i n  t h e  f i r s t  test  were 10 grams 
whereas those  i n  t h e  second series of tests were t y p i c a l l y  5 x 10 
A s  seen i n  Table X t h e  ene rg ie s  were somewhat lower i n  t h e  second series 
of tests a l s o .  
I n  
It i s  p o s s i b l e  t o  
-11 
-12 grams. 
The c a p a c i t o r s  were connected i n t o  t h e  c i r c u i t  i n  F igure  2 .  
I n  genera l  no c o r r e l a t i o n  could be seen  between p u l s e  he igh t s  and p r o p e r t i e s  
of t h e  p a r t i c l e s :  m a s s ,  v e l o c i t y ,  momentum, energy o r  charge.  The he igh t s  
gene ra l ly  c o r r e l a t e d  only  wi th  t h e  b i a s .  
oxide sample may i n d i c a t e  dependence on d i e l e c t r i c  cons tan t  a l s o .  
o t h e r  words the  p u l s e  he igh t  depends on t h e  energy s to red  i n  t h e  charged 
c a p a c i t o r .  Leaky capac i to r s  gave no pu l ses ,  as would be expected,  
bu t  good capac i to r s  d id  no t  always g ive  pu l ses .  
samples N o .  26, 27 ,  18, 28 and 110 a l l  gave no pu l ses ,  a l though No. 27, 26 
and 18  had c u r r e n t s  lower than 10  amp a t  t h e  b i a s  vol tage .  The same i s  
t r u e  of t h e  polysulfone-Estane sample No. 3 4 ,  Tyril-Estane-Lexan No. 25 and 
polysulfone-Estane No. 37.  
The very l a r g e  pu l se  i n  the  aluminum 
I n  
Thus t h e  Lexan-Estane 
-8 
- 1 9  - 
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Table X 
PARTICLE- IMPACT TESTS 
P a r t  i cl e*** 
Energy Pulse Height 
Sample e r g )  (mv) 
Current a t  
18 v (amp) 
3 x 10-l2 1 (PN) Au* 98 0.5 
117 0.7 
1 1 1  1.5 
98 P2.0 
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6 x I O e 7  
4 x 10-l2 
64 ~ 0 . 4  
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Samp 1 e erg)  
13 (2L+E) Ag;: 
17 (2L+2E) Ag* 
18 (2L+2E) Ag;k 
25 (L+E+T767) +: 
26 (2L+E) Aun 
27 (2L+E) Au;: 
%IO0 
$1 00 
% l o o  
%loo 
117 
% loo  





% l o o  
62 
107 












































Current  a t  
18 v (amp) 
4 x 
3 x 1 0 - l 0  
2 x 10- l0  
2 x 1 0 - l 0  
1 10-9 
4 x 10- l2  
1 x 
8 x 
- 2 1  - 
Sampl e 
34 (3P+E) Ag;? 
37 (3P+E) Ag;k 
51 (P+Al 0 +T) Ag;k* 
2 3  
1 00 (2L+E) 9:;' 
102 (2L+E) Ag;'=+ 
107 (2L+EL) :k* 
1 1  0 (2L+E) Ag;+9: 
Table X (Concl .) 
PARTICLE- IMPACT TESTS 
Pa r t  i c 1 ehkik 
Energy 
erg)  



























0 . 3  
0.6 
0.8 









































8 x loF5 
2kFirst t e s t  s e r i e s ,  March 27, 1969. 
;'=':Second t e s t  s e r i e s ,  August 8, 1969. 
.I * 1. - = P a r t i c l e  s i z e  was 1 i m i t e d  t o  a p re-se t  range o f  approx imate ly  
t h e  energy i n d i c a t e d .  
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El CRO 
Fig .  2 .  Circui t  for Impact Testing 
An occasional ''temperamental'' sample was found. Sample 13, a 
Lexan-Estane sample, usually gave no pulses. In seven tries It gave one 
small one. Sample No. 4 usually gave pulses, but occasionally did not. 
Sample No. 17 gave a small pulse when biased at 30 volts, but only once. 
Sample No. 5 occasionally gave no pulse but usually gave strong ones. 
These observations are all recorded in Table X. 
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5. F i l m  Defects 
During la t ter  phase of t h e  p r o j e c t  many f i lms  were made of 
va r ious  compositions,  a l l  based on t h e  Estane composite p r i n c i p l e .  These 
included Estane-aluminum oxide,  Estane-polysulfone, Estane-aluminum oxide- 
Estane,  Estane-Lexan-Estane, etc. Although t h e  procedures  f o r  making 
capac i to r s  w e r e  t h e  same as be fo re ,  very  few of t h e  u n i t s  were usab le ,  
most having leakage r e s i s t a n c e s  less than  amps a t  18 v o l t  b i a s .  I n  
f a c t  only 3 ou t  of about 50 had leakage c u r r e n t  between 
I n  o r d e r  t o  e l u c i d a t e  any e f f e c t s  due t o  f i l m  sub-s t ruc ture ,  c e r t a i n  of  
t h e s e  f i lms  were examined by o p t i c a l  and e l e c t r o n  t ransmiss ion  microscopy 
without  shadowing. The r e s u l t s  were unexpected. The su r face  of t h e  f i l m  
w a s  much d i f f e r e n t  from those  of  t h e  cast polyphenyleneoxide f i l m ,  f o r  
example, which w e  had examined i n  t h i s  way previous ly ,  o r  a Parylene f i l m ,  
both of which show a r e l a t i v e l y  smooth su r face ,  sometimes wi th  low p a r a l l e l  
r i dges  (Kronick, P.  L . ,  S e r a f i n ,  F. L . ,  and Jesch ,  K . ,  "Organic Films f o r  
Discrete Elements f o r  R-C Networks". AD-824-179). 4 micrograph of  an 
Estane f i l m  i s  shown i n  Figure 3A. The s u r f a c e  has  many small craters wi th  
occas iona l ly  a l a r g e  one g iv ing  i t  a rough t e x t u r e .  I n  a d d i t i o n  t h i n  s p o t s  
are noted,  wi th  round contours  resembling broken o r  co l lapsed  bubbles 
(Figure 3 B ) .  Occasional ly  t i n y  angular  sub-micron p a r t i c l e s  are seen  i n  
t h e  middle of each, resembling ino rgan ic  c r y s t a l s  sometimes found i n  dus t  
(Figure 3C). 
because of t h e  rough t e x t u r e .  
and lo-' amps. 
These could be  elsewhere i n  t h e  f i l m  b u t  would no t  be  v i s i b l e  
These d e f e c t s  are much more f requent  than  previous ly  found i n  
t h i n  p l a s t i c  c a p a c i t o r s  prepared us ing  similar techniques.  The craters, 
i f  they w e r e  me ta l l i zed ,  could form e l e c t r i c  f i e ld -concen t r a t ing  sp ikes ,  
which might be r e spons ib l e  f o r  t h e  h igh  leakage c u r r e n t .  Precaut ions  aimed 
a t  reducing sub-micron p a r t i c u l a t e  matter, such as c a r e f u l l y  f i l t e r i n g  t h e  
polymer s o l u t i o n s ,  were explored,  bu t  t h e  nhicrography was n o t  c a r r i e d  forward. 
The t e x t u r e  of t h e  f i l m  may a l s o  be modified by us ing  a d i f f e r e n t  so lven t .  
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IV. DISCUSSION 
O f  t h e  materials eva lua ted  f o r  use  i n  p a r t i c l e  sensor  c a p a c i t o r s ,  
i . e . ,  Pary lene ,  aluminum oxide,  po lysu l fone ,  Lexan, T y r i l ,  Estane,  Acryloid,  
and Penton, only one, Acryloid,  w a s  found t o  be completely unusuable. A 
l a r g e  number of c a p a c i t o r s  were made from Lexan and Estane i n  combination, 
b u t  po lysul fone  w a s  a l s o  found t o  be  usable .  Toward t h e  end of t h e  program 
i t  was found easier t o  make p inhole- f ree  f i lms  from polysulfone than  from 
Lexan . 
A l l  o f  t h e  materials s tood  up w e l l  t o  t h e  mechanical and e lec t r ica l  
stresses encountered i n  t h e  tests. I n  t h e  environmental  tests, however, 
l a r g e  permanent changes i n  r e s i s t a n c e  a rose  a f t e r  two hours i l l u m i n a t i o n  
using xenon lamps when Lexan-Estane and polysulfone-Estane composites were 
exposed. Parylene,  which showed a l s o  l a r g e  changes during t h e  exposure,  
re turned  t o  i t s  h igh ly  resistive s ta te  a f t e r  t h e  l i g h t  w a s  ex t inguished  
(Table I V ) .  
cyc l ing .  
f i l m  samples when exposed t o  t h e  l i g h t .  
may be,  i n  p a r t ,  due t o  t h e  opac i ty  of t h e  heavy gold e l e c t r o d e s  on t h e  
Parylene samples. The observa t ion  of photoconduct ivi ty  i n d i c a t e s ,  however, 
t h a t  s i g n i f i c a n t  amounts of r a d i a t i o n  are f a l l i n g  on t h e  polymer s u b s t r a t e .  
One of t h e  Parylene samples became leaky  a f t e r  low-temperatqre 
The r e s i s t i v i t y  of even t h i s  one w a s  h ighe r  than  t h a t  of  t h e  cast 
The s u p e r i o r  performance of Parylene 
Some samples of Lexan, of po lysul fone ,  and of Parylene passed a l l  
t h e  o t h e r  tests, inc luding  t h e  impact demonstration. However, a l l  t h e  samples 
of Pary lene  were s a t i s f a c t o r y ,  whi le  very  few of  t h e  o t h e r s  were. 
Parylene w a s  s a t i s f a c t o r y  i n  t h e  environmental  tests. The reasons f o r  t h e  
h ighe r  r e l i a b i l i t y  of Parylene probably l i e s  i n  t h e  g r e a t e r  p r e c i s i o n  of 
con t ro l  i n  t h e  Parylene process  over t h a t  i n  t h e  f i l m  c a s t i n g  process  f o r  
t h e  o t h e r  materials. Defects  i n  t h e  Estane,  as mentioned i n  an earlier 
s e c t i o n  on f i l m  d e f e c t s ,  may also p l a y  a r o l e .  Thus i t  is no t  f e l t  t h a t  
t h e  tes t  r e s u l t s  i n  t h i s  r e p o r t  r e f l e c t  on t h e  material p r o p e r t i e s  of t h e  
Only t h e  
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dielectrics tested, but only the present feasibility of making sensitive 
units using fabrication processes at hand. Even the photosensitivity of 
the Lexan-Estane composites could be due to impurities in the polymers 
themselves, which might act as photosensitizers for degradation. The 
polymers used in this project were purified by reprecipitation, but that 
would not attain the high degree of  purity needed to avoid photosensitization. 
The dielectrics performance in the test sequence is summarized in Table XI. 
Table XI 










A1203 + Pn + T 
A 1 0  + E  2 3  
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'e  - 
J =  a t  l e a s t  one sample passed t e s t .  
X = a l l  samplos f a i l e d  t e s t .  
0 = not  t e s t ed .  
* = see  Appendix. 
** = see Table I. 
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V .  CONCLUSIONS 
S a t i s f a c t o r y  meteoroid senso r s  can be made from f i lms  of 
Parylene bea r ing  opaque gold e l ec t rodes .  
r e l i a b l e  senso r s  as f r equen t ly ,  a l though t h e  occas iona l  successes achieved 
wi th  Lexan and polysul fone  i n d i c a t e  t h a t  they might be  developed i n  the  
f u t u r e  as s u i t a b l e  t h i n  f i l m  d i e l e c t r i c s .  
Other materials d i d  n o t  g ive  
V I .  DELIVERABLE ITEMS 
I n  accordance wi th  t h e  terms of t h e  c o n t r a c t  t e n  meteoroid sensors  
f a b r i c a t e d  from t h e  material which performed most s a t i s f a c t o r i l y  i n  t h e  
tes t  sequency are t o  be  de l ive red .  
and f i v e  of  Parylene N ,  f a b r i c a t e d  according t o  t h e  s p e c i f i c a t i o n s  used f o r  
t he  samples descr ibed i n  t h e  tests, have been obta ined  from Union Carbide 
f o r  t h i s  requirement.  
Ten Pary lene  samples,  f i v e  of  Parylene C 
' P. J. Reucroft  
Manager 
Chemistry Laboratory 
f: S. F ranc i s  
Technical  D i rec to r  
Chemistry Department 
- 28 - 
F-C2 386 
APPENDIX 
T E S T  PROCEDURES 
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1. BENCH TESTS 
Bench tests were c a r r i e d  ou t  immediately fol lowing t h e  e l e c t r o d e  
m e t a l l i z i n g  procedure and cons is ted  of measuring the e l e c t r o d e  s u r f a c e  
r e s i s t a n c e ,  f o r  both e l e c t r o d e s ,  t h e  capac i tance  a t  10 KHz and t h e  capac i to r  
d i s s i p a t i o n  f a c t o r  a t  10 KHz. 
i n  air .  
s u r f a c e  r e s i s t a n c e  w a s  less than  100 ohm and s t a b l e  capaci tance d a t a  could 
be  obta ined  i n  the  range 10-50 x lo-' Farad. 
The measurements w e r e  made wi th  t h e  sample 
The sample w a s  considered t o  have passed t h e  test i f  the e l e c t r o d e  
2. LEAKAGE TESTS 
The leakage test  cons is ted  of applying success ive ly  a 6 ,  12  and 
18 v o l t  D.C. b i a s  and monitoring t h e  D.C. leakage c u r r e n t  cont inuously f o r  
t h e  f i r s t  f i v e  minutes t h a t  b i a s  w a s  appl ied  and aga in  a f t e r  1, 4 and 24 
hours of continuous b i a s ing .  Leakage tests w e r e  c a r r i e d  o u t  a t  norma$ room 
temperature,  p re s su re  and humidity and i n  vacuum (10-3-10"4 t o r r ) .  
3. POLARITY TESTS 
The p o l a r i t y  test  cons i s t ed  of monitoring t h e  leakage cu r ren t  a t  
+12 v o l t s  b i a s  f o r  5 minutes,  r eve r s ing  the  b i a s  v o l t a g e  t o  -12 v o l t s  and 
monitoring t h e  leakage c u r r e n t  f o r  a f u r t h e r  f i v e  minutes. The reverse 
p o l a r i t y  w a s  monitored f o r  24 hours  and t h e  leakage c u r r e n t  measured a f t e r  
t h i s  t i m e .  The o r i g i n a l  b i a s  p o l a r i t y  w a s  then  r eapp l i ed  and t h e  leakage 
cu r ren t  measured. Samples were considered t o  have passed the  leakage and 
p o l a r i t y  tests i f  t he  c u r r e n t  d id  not  exceed 1 x 10 amp during the test  
sequence. Samples which had leakage c u r r e n t s  up t o  1 x 10 amp w e r e  con- 
s ide red  marginal.  
-7 
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4. SHELF-LIFE TESTS 
The s h e l f - l i f e  test  cons i s t ed  of performing bench tests each 
week on e i g h t  samples, t h r e e  b iased  a t  12  v o l t s  cont inuously and f i v e  
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unbiased, f o r  a pe r iod  of t h r e e  months. The samples were maintained a t  
normal room temperature,  p re s su re  and humidity during t h e  t h r e e  month 
period. Samples were considered t o  have passed t h e  s h e l f - l i f e  test  i f  no 
s i g n i f i c a n t  change i n  bench t e s t  d a t a  occurred during t h i s  t i m e .  
5. SUBMISSION OF SAMPLES FOR IMPACT, MECHANICAL AND ENVIRONMENTAL TESTING 
The ma jo r i ty  of samples sub jec t ed  t o  Impact, Mechanical and 
Environmental Tes t ing  had passed test procedures  1, 2 and 3 .  I n  some cases 
marginal samples, i.e., w i th  leakage c u r r e n t  g r e a t e r  than  1 x 10 amp 
w e r e  t e s t ed .  This w a s  done i n  the  case  of mechanical t e s t i n g ,  f o r  example, 
where w e  wished t o  a s c e r t a i n  whether g ross  phys i ca l  damage would occur ,  
be fo re  t e s t i n g  va luable  samples which had passed test  procedures 1, 2 and 
3 .  Some marginal  samples were a l s o  sub jec t ed  t o  impact t e s t i n g .  
-7 
6. IMPACT TESTS 
Impact tests w e r e  c a r r i e d  ou t  a t  t h e  Van d e r  Graaf mic ropa r t i c l e  
f a c i l i t y  a t  NASA, MSC Houston. The test chamber w a s  cub ica l  w i t h  an e ighteen  
inch  evacuable i n t e r i o r  diameter  w i th  p rov i s ion  f o r  e l e c t r i c a l  feedthroughs 
and t a r g e t  t r a n s l a t i o n  i n  two d i r e c t i o n s .  Four samples w e r e  mounted and 
r o t a t e d  i n t o  the  p a r t i c l e  pa th  and impacted one a t  a t i m e  a f t e r  t h e  chamber 
had been evacuated. The p a r t i c l e s  had ene rg ie s  ranging from 0.5 t o  1.7 erg.  
The p a r t i c l e  pene t r a t ion  s i g n a l s  were measured ac ross  a 100 K ohm r e s i s t o r .  
Samples were considered t o  have passed the  impact test i f  one o r  more s ig-  
n a l s  were obta ined  i n  a series of several impacts. 
7. ENVIRONMENTAL TESTS 
-4 - 
t o r r ,  cool ing t o  - 4 O o C ,  and maintaining t h e  sample a t  t h i s  temperature 
The environmental  test cons i s t ed  of evacuat ing t h e  sample t o  10 
f o r  a t  least  two hours. Af t e r  warming up t o  room temperature t h e  sample 
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w a s  i r r a d i a t e d  wi th  a Xenon l i g h t  source  through qua r t z  o p t i c s  f o r  a 
per iod of two hours  a t  an i n t e n s i t y  of  0.14 w a t t s / c m  . 
region of t h e  f i l m  approximately 1.5 i n  diameter w a s  i r r a d i a t e d .  The leak- 
age c u r r e n t  a t  1 2  v o l t s  b i a s  w a s  monitored dur ing  t h e  temperature  cyclgng, 
and i r r a d i a t i o n  sequence and bench tests w e r e  app l i ed  be fo re  and a f t e r  t h e  
environmental  t e s t i n g .  
thermocouple bonded wi th  conduct ive s i l v e r  p a i n t  on t h e  me ta l l i zed  Luc i t e  
s u r f a c e  on the  per iphery  of t h e  unsupported c a p a c i t o r  f i lm.  Samples were 
2 A c i r c u l a r  
The temperature  w a s  monitored by means of a 
considered t o  have passed 
1 x amp a t  any p o i n t  
Acceleration Tests 
t h e  test i f  t h e  leakage c u r r e n t  d id  n o t  exceed 
during t h e  test sequence. 
8. MECHANICAL T E S T S  
Acce lera t ion  tests cons i s t ed  of sub jec t ing  t h e  samples t o  a t  
least  7 g ' s  normal t o  t h e  capac i to r  s u r f a c e  and a t  least 4 g ' s  lateral t o  
the  c a p a c i t o r  s u r f a c e  i n  normal ambient condi t ions  i n  a cent r i fuge .  Some 
samples w e r e  b i a sed  a t  12 v o l t s  and some unbiased. 
c a r r i e d  out  be fo re  and a f t e r  t h e  t reatment .  Samples were mounted i n  a cen- 
t r i f u g e  arrangement i n  t h e  requi red  conf igu ra t ion  and t h e  requi red  revolu- 
t i o n s  p e r  minute e s t ab l i shed .  The rpm w a s  v e r i f i e d  by means of an elec- 
t r o n i c  s t roboscope and a tachometer. The sample w a s  subjec ted  t o  t h e  
a c c e l e r a t i o n  f o r  1 minute and then  removed. Samples were considered t o  have 
passed the  test i f  no s i g n i f i c a n t  changes occurred i n  t h e  bench test  
da ta ,  
Bench tests w e r e  
Vi bra t i  on Tests 
Samples were a t tached  t o  a v i b r a t i o n  t a b l e  and subjec ted  t o  
s i n u s o i d a l  v i b r a t i o n  i n  d i r e c t i o n s  p a r a l l e l  t o  and then normal t o  t h e  
f i l m  p lane  i n  normal ambient condi t ions .  
t a b l e  w a s  swept from 5 t o  2000 Hz w i t h  dynamic f o r c e  amplitudes n o t  ex- 
ceeding 1 g. 
v ib ra t ion .  Bench tests were c a r r i e d  out  be fo re  and a f t e r  t h e  t reatment .  
Samples w e r e  considered t o  have passed t h e  test i f  no s i g n i f i c a n t  changes 
occurred i n  the  bench tes t  da ta ,  
The frequency of t he  v i b r a t i o n  
Samples were b ia sed  a t  12  v o l t s  o r  unbiased during t h e  
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